Hydroxyl radical production by H2O2 plus Cu,Zn-superoxide dismutase reflects the activity of free copper released from the oxidatively damaged enzyme.
To elaborate the catalytic activity of Cu2+ of Cu,Zn-superoxide dismutase (SOD) in the generation of hydroxyl radical (.OH) from H2O2, we investigated the mechanism of inactivation of alpha 1-protease inhibitor (alpha 1-PI), mediated by H2O2 and Cu,Zn-SOD. When alpha 1-PI was incubated with 500 units/ml Cu,Zn-SOD and 1.0 mM H2O2, 60% of anti-elastase activity of alpha 1-PI was lost within 90 min. ESR spin trapping using 5,5-dimethyl-1-pyrroline N-oxide showed that free .OH was indeed generated in the reaction of Cu,Zn-SOD/H2O2; this was substantiated by the almost complete eradication of .OH by either ethanol or dimethyl sulfoxide accompanied by the generation of carbon-centered radicals. .OH production and alpha 1-PI inactivation in the H2O2/SOD system became apparent at 30 min or later. Dimethyl sulfoxide and 5,5-dimethyl-1-pyrroline N-oxide protected inactivation of alpha 1-PI significantly in this system, indicating that alpha 1-PI inactivation was mediated by .OH. SOD activity decreased rapidly during the reaction with H2O2 for the initial 30 min. Time-dependent changes in the ESR signal of SOD showed the destruction of ligands for Cu2+ in SOD by H2O2 within this initial period. Thus we conclude that inactivation of alpha 1-PI is mediated in the H2O2/Cu,Zn-SOD system via the generation of .OH by free Cu2+ released from oxidatively damaged SOD.